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Copper (Cu) and Nickel (Ni), as the important transitional metals, are common contaminants 
during the fabrication of silicon wafer and semiconductor devices. Due to the properties of high 
diffusion coefficient and sharp solubility dependence on the temperature in silicon, Cu 
precipitation and Ni precipitation could easily occur during the cooling process. These bring about 
detrimental effects on the yield and even the reliability of silicon wafer and semiconductor devices. 
Therefore, it is very important to investigate the copper and nickel precipitation mechanism, not 
only for enriching and developing the principle of “defects engineering”, but also for improving 
the quality of silicon-based electronic devices. In this paper, combining with the preferential 
etching and optical microscopy, some conclusions are obtained and described below: 
(1) The effect of silicon point-defects on copper precipitation in p-type Czochralski silicon 
has been investigated. It was found that for sample without the prior or post thermal oxidation and 
rapid thermal annealing, the morphology of Cu precipitates is rod-like and existe in the 
near-surface area of silicon wafer. On the other hand, for the samples with the prior and post 
thermal oxidation or rapid thermal annealing, the morphology, density and distribution of Cu 
precipitates are significantly changed. On the basis of experiments, it is reasonable to deduce that 
the formation mechanism and depth profile of Cu precipitates were strongly related with the 
silicon self-interstitials and vacancies generated during thermal oxidation and rapid thermal 
annealing. 
 (2) The precipitation behavior of copper and nickel in denuded zone (DZ) of Czchralski 
silicon has been systematically investigated. It was found that copper precipitates could be 
observed in DZ through OM only in the samples which experienced RTA followed by 
contamination in 900℃ and 1100℃. However, nickel precipitates could not be found in the DZ in 
all samples. This indicates that out-diffusion of vacancy which is produced in the process of RTA 
is the main cause for the copper precipitation in DZ, and the nickel precipitation behavior in DZ is 
mainly influenced by the self-gettering of Ni silicides. 
(3) The influence of copper precipitation on oxidation-induced stacking faults in Cz Si has 

















higher density and smaller sized oxygen precipitates, and then, the smaller sized precipitates help 
to form oxidation-induced stacking faults. On the other hand, it was also revealed that with the 
increase of the oxidation duration, the oxygen precipitates vanished and the concentration of 
oxidation-induced stacking faults increased. 
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诱生层错(OSF 或者 OISF)。虽然目前对 OSF 的结构了解的已经比较清楚，但是
关于 OSF 的形成机制还存在着争议[8,9]。特别是由于它们会劣化器件的性能，因



































其中 是常数， 是溶解焓，K 是玻尔兹曼常数，T 是绝对温度。由于
硅中的氧是在单晶拉制过程中引入的，因此常温下氧在单晶硅中处于过饱和状态。
图 1.1 表示的是氧的固溶度随温度的变化曲线[13]： 
 
图 1.1 硅中氧的固溶度与温度的函数关系图(直线是方程 1.1 拟合的数据)[13] 
Fig.1.1 Solubility of oxygen in silicon as a function of temperature (straight line 
stand for the date fitted by equation 1.4) [13] 
在硅单晶中，氧元素杂质处于晶格的间隙位置，在高温扩散时以间隙形式扩
散，因此它是一种快扩散机制，其扩散系数[14]： 
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